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Abstract 
Rapid expansion of cropping is occurring in Cambodia outside of the areas 
traditionally used for lowland rice. Soils and landscapes in these areas are poorly 
described at present, hampering efforts to develop sustainable soils management and 
crop production systems. In the present project, soils and landscapes in Tram Kak 
district Takeo province were investigated by a semi-detailed soil survey. A soil-
landscape map was developed for the district in which 9 units were recognised. The 
main soil-landscape units in order of their likely capability for non-rice crops were: 
Prey Khmer, Prateah Lang, and Bakan Soil groups. Most of the occurrence of the 
deep sands of the Prey Khmer Soil group was in close proximity to the quartzite ridge 
on the western border of Tramkak with smaller occurrences in the southeast of the 
district overlying a sandstone rise, and in the north of the district as reworked alluvial 
sediments from a small river. Deep sandy soils belonging to Prey Khmer Soil group, 
which occupied about 34 % of the district, were low in most plant available nutrients 
and acidic with Al saturation up to 80 %. However, not all the profiles had excessive 
levels of exchangeable Al. In total, the Prateah Lang Soil group occupies about 60 % 
of Tram Kak district including both clay and loamy sub-soil phases, although the 
distribution of each phase was not defined. The clay sub-soil phase was strongly acid 
in the sub-soil whereas two out of three profiles of the loamy sub-soil phase were 
strongly alkaline in the sub-soil. However, all Prateah Lang soils had extremely low 
exchangeable K, and low levels of N, P, S and micronutrients Cu, Zn and B. By 
contrast extractable Mn levels were high in the surface layers of most Prateah Lang 
profiles. For the production of crops such as maize, mung bean, soybean and peanut, 
both farmers’ assessment and the yield of field trials showed lower productivity on 
the Prateah Lang soils, presumably due to waterlogging and low water storage 
constraints compared to Prey Khmer soils. 
 
 
1 Introduction 
Upland agriculture is beginning to expand rapidly in many part of Cambodia with 
maize, cassava, and soybean the most prevalent crops. Proximity to markets in 
Vietnam and Thailand appear to be a driving force behind the expansion but at 
present favours development in the border regions of Cambodia. By contrast the more 
prevalent sandy upland terrains have not experienced that same rapid development of 
market-led cropping. Nevertheless, rising population in the more densely settled 
lowland rice producing areas may be another trigger for the settling of upland areas and this trend is likely to influence settlement in sandy upland landscapes. Expansion 
of upland cropping in these areas, and elsewhere will occur on soils whose properties 
are poorly known. The concentration of research in Cambodia over the last 15 years 
has been on rice producing soils, and substantial progress has been made both in the 
development of a Cambodian Agronomic Soil Classification, and in the development 
of appropriate soil management technologies for soil groups including sandy lowland 
soils (Dobermann and White, 1999: White et al., 1997, 2000). However, knowledge 
of the upland soils has stagnated with little new information being reported since the 
study of Crocker (1962). 
 
This report documents the main soils and landscapes in the Tram Kak district, Takeo 
province, Cambodia, and the method used to delineate them. This information will 
assist agronomists and land resources planners in the identification of different soils 
and landscapes in the district, and assist research into determining the best agronomic 
practices in the district. The soil-landscape units will form the basis for land 
capability assessment for the soils of the soils of Battambang province, Cambodia. 
The soils and landscapes mapped and studied in Tram Kak district will provide 
insights into other sandy terrains that occur around hills to the west of the Tonle 
Bassac River in Kampot, Takeo, Kampong Speu provinces, and also in the footslopes 
of the Elephant and Cardamon Mountains. 
 
2 District  overview 
Location  
The district of Tram Kak in the province of Takeo is located in southern Cambodia, 
about 90 km south of Phnom Penh (Figure 1). Figure 2 shows the Tram Kak district 
with roads, rivers, commune offices and boundaries. Tram Kak district is located on 
the western border of Takeo province, adjacent to Kampong Speu province, with the 
border between them formed by the Domrey Romeal Mountain chain. Tram Kak 
town, the district centre is located on national Highway No. 3. 
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Fig. 1.  Map of Tram Kak district in the province of Takeo. 
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Fig. 2.  Map of Tram Kak district showing communes, roads and rivers and the geology. 
 Climate 
Cambodia has a monsoonal climate, which is characterised by distinct wet and dry 
seasons.  The dry season starts in November, with the early wet season beginning in 
April and the main wet season beginning in July. No reliable rainfall data exists for 
Tram Kak, or close to the eastern edge of the Damrey Romeal mountain. Forty years 
of rainfall records exist for Takeo town (Figure 3), giving an average annual rainfall 
of 1370 mm (Vance et al. 2004). Takeo town rainfall peaks in October about one 
month later than in Battambang. Daily temperatures range from 21 to 35 
oC. 
Maximum temperatures are reached in April to May with the cooler time of year 
being from November to January. 
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Fig. 3.  Average monthly rainfall for Takeo town in Takeo province (40 years of data) (Vance and Bell 
2004). Mean annual rainfall 1370 mm. 
 
Geology 
The quartzite hills on the western edge of the district are of Cambrian-Upper Silurian 
age. The surrounding low areas to the east and north are Quaternary terrace alluvium/ 
colluvial deposits, pediments and floodplains (Figure 2). A low rise with a possible 
sandstone basement is found in the southeast of Tram Kak district. 
 
Land use 
In the district of Tram Kak, most of the lowland area is used for paddy rice fields in 
the main wet season. Some areas are flooded by the Tonle Bassac River and its 
tributaries during the wet season: these areas may grow a dry season rice crop on the 
receding floodwaters. Other crops in the lowlands include watermelon, soybean, 
mungbean, and peanut. In the lowland areas, two crops may be grown per year with a 
crop grown either before rice in the early wet season or after rice sown in the dry 
season. In the upland areas, crops such as maize, mung bean and peanut are 
commonly grown in the early wet season, soybean and peanut in the main wet season 
and watermelon is sown in the beginning of the dry season utilising residual soil 
water from the wet season rainfall. Recently areas of the uplands have been planted to 
mango and other fruit trees.  The mountain areas are still under forest although there 
has been evidence in recent years of increasing timber harvesting and encroachment 
of the forest.   
 3  Methods of soil-landscape survey  
 
Soil survey 
Detailed soil profile descriptions were completed on 12 soil pits, in areas of the 
landscape which were deemed to represent the different soil-landscape units. An 
additional 24 less detailed soil observations were also made in the district. In 
Tramkak district the following resources were used to guide soil sampling location: 
rice soils map for the district (Oberthur et al. 2000); Takeo soils map (Hung 1988); a 
geology map (MRC); digital elevation models (Mekong River Commission-MRC); 
US Army Corp topography maps (1:50,000 1967) and digital ortho-rectified aerial 
photographs (Department of Geography 1:50,000 1992). However, locations of soil 
pits were constrained predominantly to locations used for crop trials and because 
access to some locations was limited. Soil classification was completed by detailed 
profile descriptions using FAO descriptors (FAO-ISRIC 1990). Data from all soil 
profile observations have been recorded in the CARDI Soil Profile Database of 
Cambodia. 
 
Soil chemical analyses 
At each soil pit, samples of soil were taken from each horizon.  These samples have 
been analysed for electrical conductivity (1:1 soil:water), pH (1:1 soil:water) in the 
CARDI  laboratory. Analyses of soil chemical characteristics were also completed at 
CSBP laboratory in Western Australia. These analyses included: nitrogen 
concentrations as ammonium, nitrate, and total nitrogen; extractable phosphorus and 
potassium, sulphur, copper, zinc, manganese, iron and boron; exchangeable calcium, 
magnesium, sodium, potassium and aluminium; organic carbon and the electrical 
conductivity, pH (CaCl2) and pH(water) of the soil (Rayment and Higginson 1992). Data 
from all soil chemical analyses has been recorded in the CARDI Soil Profile Database 
of Cambodia. 
   
Soil-landscape map production 
A soil-landscape map of Tramkak district was completed by combining the soil 
survey information (detailed pits and observations) with digital air photos, a digital 
elevation model, Landsat TM satellite images (1989) and expert knowledge to create 
land unit maps. Arcview software was used to combine these data layers.  Polygons of 
the new soil-landscape map units were digitised.  The soil-landscape map was ground 
truthed by further observation of the soil-landscapes in the district to determine if the 
observed soil types were predicted in the soil-landscape map. The soil-landscape map 
was modified as required. 
 
 
4 Soil-landscape  overview 
The dominant feature of the district is a high quartzite ridge on the western edge (part 
of the Damrey Romeal Mountain chain) with associated shallow sandy soils on 
steeply sloping land (Tk1).   
 
Colluvial slopes to the east and north of the ridge are composed of fine sandy 
weathering products from the ridge (Tk2, Tk3). Sandy soils (Prey Khmer, fine sandy 
phase) dominate these colluvial slopes. Further east, the plains become flatter and 
more influenced by alluvial processes, and clayey subsoils become more common (Prateah Lang) (Tk4, Tk7). Collectively these two mapping units occupy 58 % of the 
land area of Tram Kak district. 
 
A small river defines the northern boundary of the district (Tk9). Reworked recent 
sandy soils (Prey Khmer) occur adjacent to this river. 
 
Low rises (possibly a sandstone bedrock high) with deep sandy soils (Prey Khmer) 
occur in the east of the district (Tk6). Shallow sandy soils with either loam or clay 
sub-soils (Prateah Lang) occur on the slightly lower plains (interfluves) between these 
rises (Tk8). 
 
In the far south-eastern and north-eastern corners of the district the plain is seasonally 
flooded as part of a regional floodplain system and a treeless plain occurs with pale 
brown loamy to clayey surfaced soils with mottled subsoils (Bakan) (Tk5). 
 
Table 1 describes each of the map units outlined above.  Figure 4 is a map which 
shows distribution of each map unit in the landscape of Tram Kak district. 
 
Table 1.  Map unit descriptions - Soil-landscape map of Tram Kak district, Takeo province. 
Mapping 
unit 
Area 
(%) 
Description 
Tk1  3.1  High quartzite ridge of the hill. Steeply sloping land. Shallow 
sandy soils (soil type undefined). Evergreen forest. 
Tk2  5.3  Colluvial sloping uplands. Deep fine sandy soils (Prey Khmer, 
fine sandy phase). Upland crops. 
Tk3  19.7  Gently sloping area surrounding colluvial sloping uplands. 
Deep sandy soil (Prey Khmer). Paddy rice fields and upland 
crops. 
Tk4  47.2  Very gently sloping to flat plain. Shallow sandy soil with a 
loamy or clayey subsoil (Prateah Lang) and deeper sandy soils, 
usually with clay at depth (Prey Khmer). Paddy field. 
Tk5 3.5 Level  treeless  plain  with seasonal flooding as part of a regional 
flood plain system.  Pale brown loamy to clayey surface soil 
with mottled subsoil (Bakan) Flooded rice. 
Tk6  3.9  Low rise (possibly a sandstone bedrock high) with deep sandy 
soils (Prey Khmer). Upland crops. 
Tk7  11.0  Seasonally flooded plain. Loamy fine sand surface soil with 
grey clayey subsoil. (Prateah Lang soils and minor Bakan 
soils).  Flooded rice.  
Tk8  1.7  Minor alluvial plains. (Prateah Lang soils). 
Tk9  4.7  Sandy alluvial terrace next to small river. (Prey Khmer soils). 
Upland crop and paddy field. 
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Fig. 4.  Map of Tram Kak district indicating the location of each soil- landscape unit. See Table 1 for 
more detailed descriptions of the mapping units. 
 
 
5  Soil Profiles  
Typical profiles for the main Soil groups as defined by White et al. (1997) are shown 
below. Each of the Soil groups was described in detail by White et al. (1997). While 
profile form and characteristics conform to the Soil group concept for Prey Khmer 
soil, the occurrence of Prey Khmer soil on sloping land was not defined by White et 
al. (1997). The occurrence of the Prey Khmer profile type on sloping land would need 
to be accommodated by the modification of the Key in White et al. (1997) which keys 
to Prey Khmer on sloping lands, or the creation of a new Key for non-rice soils. 
 
Prateah Lang, loamy subsoil phase 
 
Project & Site Code: ACIAR 0001        
Described by: Noel Schoknecht  Date: 5/6/03 
Location: Datum: IND60 Zone: 48 466156 mE 1224382 mN GPS measurement 
Disturbance: ploughing 
Landform 
Slope class (US): very gently sloping 
Landform element: terrace 
Slope curvature: terraced 
Surface and Hydrological Properties 
Surface coarse fragments: no gravel, no stones 
Physical properties: 100-150 cm soil 
Geology/parent material 
Soil parent material: fluvial 
Vegetation Notes: Mango plantation adjacent to site 
Land use 
Site: rainfed arable cultivation  Surrounds: wet rice cultivation 
Current Classification 
World Reference Base (FAO-ISRIC-ISSS 1998): Plinthic Acrisol 
  
Horizon Depth (cm)  Description 
Ap 0-8  brown (7.5YR 4/2 moist) loamy sand;  very fine faint reddish brown
(5YR 4/4 moist)  redox mottles; very friable dry consistence; single
grain structure; no segregations; few roots, very fine; no coarse 
fragments; rapid permeability; pH 6.94 (1:1 water); EC 0.2 dS/m (1:1);
few, fine, vughs void; clear, smooth boundary. 
A  8-23  greyish brown (10YR 5/2 moist) sandy loam;  very fine faint reddish
brown (5YR 4/4 moist)  mottles; friable moist consistence; massive 
structure; no segregations; few roots, fine; no coarse fragments; rapid
permeability; pH 6.9 (1:1 water); EC 0.2 dS/m (1:1); common, fine,
vughs void; clear, wavy boundary. 
Bt  23-82  strong brown (7.5YR 5/6 moist) sandy clay loam; medium distinct
strong brown (7.5YR 5/6 moist)  mottles; firm moist consistence; very
weak, medium, sub-angular blocky structure; no segregations; few 
roots, coarse; no coarse fragments; moderate permeability; pH 5.87 (1:1
water); EC 0.1 dS/m (1:1); common, fine, interstitial void; gradual, 
wavy boundary. 
BCtv  82-110+  pink (5YR 7/3 moist) sandy clay; medium distinct olive brown (2.5Y
4/6 moist)  mottles; firm moist consistence; very weak, medium, sub-
angular blocky structure; no segregations; few roots, coarse; no coarse
fragments; slow permeability; pH 5.75 (1:1 water); EC 0.1 dS/m (1:1);
common, fine, interstitial void. 
 
 
Prey Khmer, no phase specified (provisional) 
 
Project & Site Code: ACIAR 0005        
Described by: Noel Schoknecht  Date: 5/6/03 
Location: Datum: IND60 Zone: 48 448326 mE 1220774 mN GPS measurement 
Landform 
Slope class (US): very gently sloping 
Landform element: terrace  
Geology/parent material 
Soil parent material: colluvial 
Current Classification 
World Reference Base (FAO-ISRIC-ISSS 1998): Plinthic Alisol 
 
Horizon Depth (cm)  Description 
A  0-6  strong brown (7.5YR 5/6 moist), pinkish grey (7.5YR 7/2 dry) medium
sand; very friable moist consistence; single grain structure; no
segregations; no coarse fragments; pH 6.79 (1:1 water); EC 0.3 mS/m
(1:1); very fine, medium porosity, vughs void; clear, smooth boundary.
A 6-20  brown (7.5YR 5/4 moist) medium sand; very friable moist consistence;
single grain structure; no segregations; no coarse fragments; pH 6.7 (1:1water); EC 0.3 mS/m (1:1); very fine, medium porosity, vughs void; 
gradual, wavy boundary. 
A  20-60  light brown (7.5YR 6/4 moist) medium sand;  medium faint reddish
yellow (7.5YR 6/8 moist)  mottles; very friable moist consistence;
single grain structure; no segregations; no coarse fragments; pH 6.75
(1:1 water); EC 0.3 mS/m (1:1); very fine, medium porosity, vughs
void; sharp, tongued boundary. 
Ctv  60-85  grey (10YR 6/1 moist) sandy clay;  medium prominent reddish yellow
(5YR 6/6 moist)  mottles; hard dry consistence; weak, medium, angular
blocky structure; no segregations; no coarse fragments; pH 5.83 (1:1
water); EC 0.1 mS/m (1:1); fine, low porosity, vughs void; gradual,
wavy boundary. 
Ct  85-100+  yellowish brown (10YR 5/4 moist) clay ;  fine prominent reddish brown
(2.5YR 4/4 moist)  mottles and  fine distinct grey (10YR 6/1 moist) 
mottles; firm moist consistence; few segregations, fine elongated black
soft; no coarse fragments; pH 7.37 (1:1 water); EC 0.7 mS/m (1:1);
fine, channels void. 
 
 
Prey Khmer, fine sandy phase 
 
Project & Site Code: ACIAR 0006    
Described by: Noel Schoknecht  Date: 5/6/03 
Location: Datum: IND60 Zone: 48 452236 mE 1210921 mN GPS measurement 
Location notes: Colluvial slope below quartzite hills 
Site notes: Texture marginal to loamy. Heavy version of Prey Khmer 
Surface and Hydrological Properties 
Physical properties: 100-150 cm soil 
Geology/parent material 
Soil parent material: colluvial 
Current Classification 
Local Soil Name: Prey Khmer, fine sandy phase (provisional) 
 
Horizon Depth (cm)  Description 
Ap  0-12  brown (7.5YR 4/4 moist) loamy sand; friable consistence; weak, fine, 
sub-angular blocky structure; no segregations; many roots, very fine; no
coarse fragments; pH 6.41 (1:1 water); EC 0.3 dS/m (1:1); fine and very
fine, low porosity, vughs void; clear, smooth boundary. 
A 12-60 brown (7.5YR 5/4 moist) sandy loam;  fine faint strong brown (7.5YR
5/8 moist)  mottles; friable consistence; massive structure; no
segregations; common roots, very fine; no coarse fragments; pH 6.13
(1:1 water); EC 0.1 dS/m (1:1); fine and very fine, medium porosity, 
vughs void; diffuse, wavy boundary. 
AB  60-100  light brown (7.5YR 6/4 moist) sandy clay loam;  medium distinct
yellowish red (5YR 5/6 moist)  mottles; friable consistence; massive
structure; no segregations; few roots, fine; no coarse fragments; pH 6.07 
(1:1 water); EC 0.1 dS/m (1:1); fine and medium, medium porosity,
vughs void; diffuse, wavy boundary. 
C  100-120+  light reddish brown (5YR 6/3 moist) sandy clay;  medium prominent
olive brown (2.5Y 4/6 moist)  mottles; friable consistence; massive structure; no segregations; few roots, fine; no coarse fragments; pH 6.19
(1:1 water); EC 0.1 dS/m (1:1); fine and medium, medium porosity,
vughs void. 
 
 
Bakan, no phase specified  
 
Project & Site Code: ACIAR 0059        
Described by: Noel Schoknecht Date: 11/2/04 
Location: Datum: IND60 Zone: 48 463996 mE 1209972 mN GPS measurement 
Site notes: Alluvial plain, flood for about 2 weeks/year.  
Landform 
Landform pattern: alluvial plain 
Slope class (US): flat 
Surface and Hydrological Properties 
Surface coarse fragments: no gravel, no stones 
Physical properties: hardsetting surface 
Geology/parent material 
Soil parent material: fluvial 
Vegetation 
Crop:  rice 
Land use 
Site: rainfed arable cultivation  Surrounds: rainfed arable cultivation 
 
Horizon Depth (cm)  Description 
Ap  0-20  pinkish grey (7.5YR 6/3 moist), pinkish grey (7.5YR 7/2 dry) sandy
loam;  fine distinct strong brown (7.5YR 5/6 moist)  redox mottles;
slightly hard consistence; massive structure; many roots, fine, non-
cemented and non-compacted; no coarse fragments; moderately slow 
permeability; common, fine, medium porosity, vughs void; abrupt,
smooth boundary. 
B1t  20-40  pinkish grey (7.5YR 6/3 moist) clay;  medium faint strong brown
(7.5YR 4/5 moist)  redox mottles; firm consistence; very weak, sub-
angular and angular blocky structure; few roots, fine, non-cemented and 
non-compacted; no coarse fragments; slow permeability; few, fine, low
porosity, channels void; clear, wavy boundary. 
B2  40-80  pinkish grey (7.5YR 6/3 moist) sandy clay loam;  medium prominent 
yellowish red (5YR 4/6 moist)  redox mottles; firm consistence; very
weak, angular and sub-angular blocky structure; few segregations, fine 
manganese (manganiferous) soft segregation irregular soft; no roots,
non-cemented and non-compacted; no coarse fragments; moderately 
slow permeability; few, fine, low porosity, channels void; clear,
irregular boundary. 
B3t  80-120+  pinkish grey (7.5YR 6/2 moist) clay;  medium distinct strong brown
(7.5YR 5/6 moist) redox mottles; firm consistence; very weak, sub-
angular and angular blocky structure; common segregations, medium
manganese (manganiferous) soft segregation irregular soft; no roots,
non-cemented and non-compacted; no coarse fragments; very slow 
permeability; few, fine and very fine, low porosity, channels void. 
 6  Soil Chemical Properties of Profiles 
Interpretation of the soil chemical properties is based on Peverill et al. (1999). 
 
Prateah Lang 
Four profiles were analysed, representing loamy sub-soil (3) and clay (1) sub-soil 
phases, as defined by White et al. (1997). 
 
All Prateah Lang profiles had very low total organic carbon (C) levels (< 0.5 %) 
(Table 2). They also had very low total N levels, although in the surface layer, 
extractable NO3 levels up to 18 mg/kg were reported (equivalent to 23 kg nitrate /ha). 
Site 2 differed from other profiles in having high NO3-N to 40 cm depth. 
 
Soil pH was varied among the Prateah Lang profiles. In Site 1, pH (CaCl2) declined 
from 5.2 at the surface to 4.3 at 23 cm depth and below. Site 60 followed a similar 
pattern but did not reach the extremely low pH in the sub-soil. By contrast, Sites 2 
and 4, although having quite different sub-soil texture, both had a marked increase in 
sub-soil pH with alkaline values below 40 cm in Site 2 and below 70 cm in Site 4. 
 
Exchangeable Al was variable among profiles (Table 3). High exchangeable Al in the 
0-30 cm layer was found in Site 4 with Al saturation > 26 %. In Site 1, only sub-soil 
layers below 23 cm contained significant exchangeable Al with Al saturation of 31-
38%. 
 
Colwell extractable P and K levels were low throughout the profiles (< 10 mg P/kg 
and < 30 mg K/kg), especially below 20 cm depth (Table 4). Exchangeable K was 
extremely low in all profiles, even in the sub-soils of profiles with high clay content. 
Especially high exchangeable Ca was found in the sub-soil of Site 2, and relatively 
high exchangeable Na below 70 cm in Site 4: these were the same profiles that had 
elevated sub-soil alkalinity. 
 
KCl extractable S was mostly very low in profiles, except in the sub-soil of Site 4 
(Table 4). Sub-soil DTPA Zn levels were generally low except in Site 2 (Table 4). 
Hot CaCl2- extractable B was marginal in all profiles (Table 4). 
 
Prey Khmer 
Three profiles were analysed, representing an undefined (2) and the fine sandy phase 
(1). 
 
All Prey Khmer profiles had very low total organic carbon (C) levels (< 0.6 %) (Table 
2). Prey Khmer soil profiles also had very low total N levels, although in the surface 
layer, extractable NO3 levels up to 16 mg/kg were reported (equivalent to 21 kg 
nitrate /ha). 
 
Soil pH was varied among the Prey Khmer profiles (Table 2). In Site 6, pH (CaCl2) 
declined from 4.5 at the surface to 4.2 at 12 cm depth and below. Site 52 followed a 
similar pattern but only reached pH 4.4 at 95 cm depth. By contrast, Sites 5 was 
extremely acid  (pH CaCl2 < 4.5) to 85 cm depth but had a marked increase in sub-
soil pH with pH values of 6.4 below 85 cm. 
 Exchangeable Al was variable among profiles (Table 3). High exchangeable Al in the 
0-20 cm layer was found in Site 5 with Al saturation, 31-53 %. In Site 6, sub-soil 
layers below 12 cm contained high exchangeable Al corresponding to Al saturation of 
> 87 % of the effective cation exchange capacity. By contrast, there was negligible 
exchangeable Al in the profile of Site 52.  
 
Colwell extractable P levels were close to adequate in the 0-20 cm layer of Site 5, but 
in the other two profiles extremely low values were obtained (Table 4). Colwell 
extractable K levels were low throughout the profiles (< 40 mg K/kg), as was 
exchangeable K, even in the sub-soils of profiles. Especially high exchangeable Mg 
and Na were found in the 85-100 cm layer of Site 5. Relatively low exchangeable Ca 
was found in the surface layers of Site 5 (0-60 cm) and in the sub-surface (12-120 cm) 
of Site 6. 
 
KCl extractable S was very low in Prey Khmer profiles (Table 4). DTPA Zn and Cu 
levels were generally low especially in Sites 5 and 52. Hot CaCl2- extractable B was 
low in all profiles. 
 
Bakan 
Only one soil profile was analysed of the Bakan soil group in Tramkak district. 
 
Like the Prateah Lang and Prey Khmer profiles, the Bakan soil had very low organic 
C, and total N and it was very acid (pH CaCl2 4.3) in the 0-20 and 40-80 cm layers 
(Tables 2,3). However, Al saturation was below 10 %, so Al toxicity is not likely. 
 
Exchangeable K was, like the Prey Khmer and Prateah Lang soils, extremely low 
(Table 3). 
 
Colwell extractable P was extremely low (Table 4). Extractable S was marginal but 
substantially higher than the Prey Khmer and most of the Prateah Lang profiles. The 
Bakan profile contained low DTPA Zn and hot CaCl2 extractable B. 
 
 
7 Mineralogy 
Only three profiles were analysed for mineralogy (Table 5). 
 
Both Prateah Lang profiles contained significant smectite clay (5-15 %) throughout 
the profile, even in the surface layers that contain low clay content (Table 5). Quartz 
dominated the soil mineralogy comprising 50-75 % of soil mass, but was clearly more 
prevalent in the surface layers. Kaolinite was more dominant than smectite clay and 
levels increased with depth to 30-35 %. The loamy subsoil phase of Prateah Lang soil 
also contained 5 % Fe oxides throughout the profile. 
 
The Prey Khmer soil profile was similar in mineralogy to that of the Prateah Lang 
profiles (Table 5). That is, traces to 15 % of smectite clay were found in the soil with 
levels increasing with depth. Quartz again was the dominant soil mineral but levels 
decreased from 90 % in the surface 0-6 cm layer to 55 % at 85-100 cm. Kaolin 
increased inversely to quartz in these profiles. Like the Prateah Lang loamy subsoil 
phase, Prey Khmer contained uniformly low Fe oxide levels down the profile (5 %). Talc was found in Prey Khmer, but not in Prateah Lang soils, at trace levels at the soil 
surface, and 5 to 10 % below.  
 
No feldspar or ilmenite was detected in the X-ray diffraction patterns of the soils. 
 
 
8 Soil  Management 
 
Prey Khmer 
In lowland rainfed ecosystems of Cambodia, Prey Khmer is a low productivity soil 
for rice due to low nutrient status, poor nutrient retention and excessive drainage of 
water. In Tram Kak district, Prey Khmer profiles were observed in both lowland 
fields, on low rises within the seasonally flooded plain and on elevated sloping land 
on the footslopes of the Damrey Romeal Mountain. The following discussion refers 
mostly to the Prey Khmer on elevated and sloping land where it is unsuited to padi 
rice cultivation. 
 
Both fine medium sand forms of the Prey Khmer soil profiles were present in Tram 
Kak district. The fine sandy phase was most prevalent on the colluvial sloping 
uplands. In addition variation in depth to clay was found, ranging from 60 cm to over 
110 cm depth. The depth of clay in the sub-soil layers is likely to be a significant 
factor in determining soil water storage and nutrient retention against leaching. Levels 
of carbon and most nutrients on the Prey Khmer soil were low. Generally the Prey 
Khmer soil was strongly acid at the surface but the pH trend with depth varied with 
some profiles reaching pH (CaCl2) as low as 4.1 while another profile showed 
increased pH (CaCl2) to 6.4 below 85 cm depth. Exchangeable Al saturation reached 
> 86 % of ECEC in one profile. Hence Al toxicity is likely to be a major limiting 
factor for production of most species on some Prey Khmer soils, and on most other 
profiles for sensitive species. Sanchez et al. (2003) reported that > 60 % Al saturation 
was toxic to most plants whereas the impact of 20-60 % Al saturation depends on 
species tolerance to Al. However, clearly greater understanding is needed of the 
factors controlling variation in Al saturation in Prey Khmer profiles so that the 
locations where Al toxicity is limiting to crop growth can be recognised. While the 
Prey Khmer soils on the sandy rise (Tk6) in the southeast of Tram Kak had low 
exchangeable Al, so too did some of the profiles examined from the colluvial slopes 
of Damrey Romeal mountains. Besides high Al saturation in the strongly acid forms 
of Prey Khmer, Mn toxicity is a risk for crop production based on high DPTA 
extractable Mn on sites 6 and 52, and leaf symptoms of Mn toxicity on mung bean 
and peanut at Site 6. 
 
For Prey Khmer soils, the recommended fertiliser rates for lowland rice are quite 
modest (kg/ha): 28 N; 4 P; 33 K (Seng et al. 2001). So far there are no equivalent 
fertiliser recommendations based on extensive field experimentation for maize, 
soybean, mungbean, peanut and sesame production in Cambodia. Generalized 
fertilizer rates determined for south-east Asia by Dierolf et al. (2001) have been 
adjusted for Cambodia based on the yield expected, for each crop, limited Cambodian 
trial data, and the overall fertility levels of soil types as reported by White et al. 
(1997) and CIAP (1999) for rice growth (Table 6). However, even with these rates, 
we have observed the appearance of N and K deficiency symptoms on maize in 
particular on Prey Khmer soils during the growing season. Requirements for micronutrients, in particular need further verification. However, low levels of the 
micronutrients, Cu, Zn and B, were detected in soils and may well emerge as limiting 
factors for crop production as farmers begin to raise yield levels by growing adapted 
high yield cultivars with good management including macronutrient fertilisers. Lime 
could be a useful soil amendment on the strongly acid profiles of Prey Khmer but is 
not readily available at this time in Cambodia. 
 
Table 6. Recommended fertilizer rates (kg fertiliser/ha and kg element/ha) used for 
maize adjusted for soil type. Lower rates (40-50 % lower) should be sufficient for 
sesame which has lowere yield potential. Rates of nitrogen fertiliser should be 
substantially reduced for legumes, soybean, mungbean, and peanut. 
Fertilizers  Prey 
Khmer 
Prateah 
Lang   Nutrients
A  Prey 
Khmer 
Prateah 
Lang 
Urea   124  124    N  90  90 
DAP 95  95    P  26  26 
KCl 37  37    K  25  25 
16-16-8-13S 100 100    S  13-18  13-18 
ZnSO4 20  20        
CuSO4 5  5         
MoO3 0.5  0.5         
H3BO3 2  2         
A To convert P to P2O5, multiply by 2.27; and K to K2O, multiply by 1.20.  
 
Urea could be omitted, and the amount of P supplied in DAP replaced by mono-
ammonium phosphate (MAP), or triple superphosphate if legume crops (peanut, 
soybean and mung bean) at this site are known to nodulate and fix N adequately. This 
will result in a 70-75% reduction of N rates, and a 7 % increase in P rates shown in 
Table 6. Fifty percent of N and K plus all remaining fertilizers should be applied 
basally 1-2 days before sowing and the remainder of N and K should be applied 4-6 
weeks after sowing. Basal fertilizer application should not be placed in contact with 
seeds as on sandy soils it would lead to low germination and burning of seedlings. 
 
Prateah Lang 
Prateah Lang Soil group is the most prevalent soil in Tram Kak district, covering 
about 58 % of the district, and is predominantly a lowland rice soil. Clay and a loamy 
sub-soil phases were observed, but insufficient sampling was undertaken to be able to 
map the distribution of the two phases. The loamy sub-soil phases in Tk 4 were 
characterised by alkaline sub-soil pH (at 70 cm depth and greater) whereas Prateah 
Lang in Tk7 did not show this pH trend. Non-rice crops on Prateah Lang soil would 
generally be restricted to the early wet season. In slightly elevated positions, non-rice 
crops are also grown on the Prateah Lang soil in the main wet season. In addition 
raised beds and raised platforms (1 m high or more) of Prateah Lang soil are 
commonly constructed to minimise the risk of waterlogging in the root zone of non-
rice crops. However, these profiles contain mixed soil materials and are difficult to 
describe. 
 
The Prateah Lang soil contained surprisingly high levels of smectite clay, up to 15 % 
at depth. The origin of the smectite and its implications for management of the 
Prateah Lang soil are not well understood. Similarly, the origin and significance of 
increases in pH to 8.2 at > 70 cm in some profiles, and the associated sodicity, remains unclear. Dispersion of clay is a common property of the Prateah Lang soil 
(White et al. 1997) and may be related to sodicity. 
 
The risk of Al toxicity varied greatly amongst profiles of Prateah Lang soil. In some 
profiles, Al saturation was 26-29 % in the surface but decreased to zero below 30 cm. 
In another profile belonging to the clay sub-soil phase, Al saturation below 23 cm 
exceeded 31 % but the surface layers had negligible exchangeable Al. Finally, other 
profiles of the Prateah Lang soil had negligible exchangeable Al throughout the 
profile. Hence the levels of Al saturation are not high enough to impair the growth of 
all species but may be toxic to sensitive species. Seng et al. (2006) found that lime 
increased the growth of rice on an acid Prateah Lang (pH CaCl2 4.7) from Svay 
Rieng, however, this soil contained 80 % Al saturation. 
 
For Prateah Lang soils, the recommended fertiliser rates for lowland rice are higher 
than those for Prey Khmer, but still moderate (kg/ha): 50 N; 10 P; 25 K (Seng et al. 
2001). All the profiles analysed in the present study had low N, P, K and S levels. As 
noted above, there is limited experimental evidence on which to base fertiliser 
recommendations for non-rice crops on Prateah Lang soils. A preliminary set of 
recommendations derived from several sources is shown in Table 6. However, even 
with these recommended fertiliser rates, we observed low yields of crops on Prateah 
Lang soils, suggesting that other major limiting factors such as water logging and 
drought were more severe limiting factors. Hence, while yields remain very low for 
non-rice crops, due to non-nutritional constraints, there is little advantage in applying 
the rates of fertilisers suggested above for Prateah Lang soils. 
 
Possibly the most acute limiting factors in Prateah Lang soils for non-rice crops relate 
to plant-available water storage and root depth. In the clay sub-soil phase and where a 
dense plough pan has developed in padi fields, water logging of the surface horizon 
occurs readily after rainfall and the soil does not drain as freely as Prey Khmer. When 
plough pans or clay sub-soil limit root depth, low plant-available water storage will 
by a major limiting factor resulting in a high drought risk.  
 
Crop performance in on-farm trials in 2004, and farmers’ assessment of relative 
productivity for crop performance, ranks Prey Khmer as having higher capability than 
Prateah Lang soils (Table 7). Indeed amongst eight soils examined across Cambodia, 
crop performance in on-farm trials was second lowest on Prateah Lang soils. 
 
Table 7. Farmers’ ranking of land capability for crop production on Prateah Lang 
compared to Prey Khmer soils in Tram Kak district. Farmers rated land capability for 
performance of crops on the following scale: 1- very high; 2 high; 3- fair; 4- low; 5- 
very low. 
Species  Prey Khmer  
(Sites 5 and 51) 
Prey Khmer  
(Sites 6 and 52) 
Prateah Lang  
(Site 60) 
Maize 2  2  3 
Mung bean  2  1  4 
Soybean 1  2  3 
Peanut 1  1  2 
Sesame 2  2  3 
 
Bakan Bakan Soil group occurs on treeless plains subject to seasonal flooding. The risk of 
flooding, or inundation is generally too high on this soil for non-rice crops even in the 
early wet season (White et al. 1997) unless raised beds or platforms approximately 1 
m high are constructed to prevent waterlogging. However, the dispersion of clays that 
occurs on Bakan soils may limit the effectiveness of raised beds and result in high 
costs of their maintenance. Bakan soils, like the Prateah Lang and Prey Khmer soils, 
has low levels of carbon and extractable nutrients. While strongly acid, the 
exchangeable Al levels on this soil were too low to be harmful to crops. 
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 Table 1. Organic carbon and pH in soils of Tram Kak district, Takeo province. 
Site  Cambodian Soil Group  Depth  Organic   pH 
 Group  Phase    carbon    CaCl2 
     (cm) (%)   
          
1 Prateah  Lang  0-8  0.47  5.2 
   8-23 0.22  4.9 
  
clayey subsoil  
23-82 0.2  4.3 
     82-110  0.12  4.3 
2 Prateah  Lang  0-10  0.25  4.8 
   10-40  0.26  6.5 
  
loamy subsoil  
40-70 0.22  8 
     70-110  0.24  7.9 
     110-120  0.05  8.2 
4 Prateah  Lang  0-12  0.26  4.2 
   12-30  0.18  4.2 
  
loamy subsoil  
30-70 0.07  5.7 
     70-110  0.07  8.2 
60  Prateah Lang  loamy subsoil  0-20  0.43  5.0 
     20-36  0.15  4.4 
     36-50  0.16  4.5 
     50-70  0.15  4.8 
         70-80+  0.12  4.9 
5 Prey  Khmer  
a  0-6 0.2  4.3 
     6-20 0.17  4.3 
     20-60  0.08  4.5 
     60-85  0.1  4.1 
         85-100  0.05  6.4 
6 Prey  Khmer  0-12  0.6  4.5 
  
fine sandy  
12-60 0.15  4.2 
     60-100  0.13  4.1 
         100-120  0.08  4.2 
52 Prey  Khmer   
a 0-45  0.22  4.8 
     45-95  0.14  5.1 
     95-120  0.11  4.4 
59 Bakan   
a 0-20  0.4  4.3 
     20-40  0.16  5 
         40-80  0.12  4.3 
a no phase defined 
 Table 3. Exchangeable cations, effective cation exchange capacity (ECEC) and Al saturation (as a % of ECEC) in soils of Tram Kak district, Takeo province. 
Site  Cambodian Soil Group  Depth  Ca  Mg  Na  K  Al  ECEC  Al  
  Group  Phase              saturation 
         (cm)  (cmol/kg)  (%) 
                  
1  Prateah  Lang  0-8  1.58 0.33 0.04  0.11  0.01  2.1  0 
    8-23  1.27 0.27 0.02  0.02  0.11  1.7  7 
  
clayey 
subsoil  
23-82  1.37 0.52 0.04  <0.02  0.85  2.8  31 
      82-110  1.86 0.39 0.07  0.03  1.45  3.8  38 
2  Prateah  Lang  0-10  1.56 0.19 0.02  0.03  0.1 1.9  5 
    10-40  5.2 0.5 0.09 0.02  0  5.8  0 
  
loamy 
subsoil  
40-70  10.2 0.79 0.24  0.03  0  11.2  0 
      70-110  10.4 0.58 0.21  0.03  0  11.2  0 
     110-120  8.07  0.4  0.19  0.04  0  8.7  0 
4  Prateah  Lang  0-12  0.86 0.25 <0.01 0.05  0.4 1.6  26 
   12-30  0.8  0.33  0.01  0.04  0.48  1.7  29 
  
loamy 
subsoil  
30-70  1.39 1.08 0.34  0.02  0  2.8  0 
         70-110  2.9  1.67  1  0.03  0  5.6  0 
60  Prateah  Lang  0-20  0.69 0.27 0.04  0.07  0.06  1.1  5 
  
loamy 
subsoil  20-36  0.48 0.17 0.03  0.04  0.05  0.8  6 
      36-50  1.73 0.74 0.07  0.04  0.06  2.6  2 
      50-70  2.38 1.52 0.09  0.05  0.05  4.1  1 
     70-80+  1.81  1.3  0.08  0.04  0.03  3.3  1 
5  Prey Khmer     0-6  0.2  0.07  0.01  0.03  0.14  0.5  31 
     6-20 0.2  0.04  <0.01  0.02  0.29  0.6  53 
     20-60  0.2  0.08  0.02  0.03  0.32  0.7  49 
      60-85  0.25 0.67 1.39  0.05  3.24  5.6  58 
         85-100  0.92  4.44  5.21  0.1  0  10.7  0 
6  Prey  Khmer  0-12  0.86 0.53 0.08  0.08  0.28  1.8  15 
  
fine sandy  
12-60  0.12 0.09 <0.01 0.02  1.57  1.8  87       60-100  0.03 0.14 <0.01 0.02  1.4 1.6  88 
         100-120  0.05  0.08  <0.01  0.02  1.32  1.5  90 
52  Prey Khmer     0-45  1.29  0.25  0.03  0.04  0.03  1.6  2 
      45-95  0.77 0.63 0.02  0.03  0.02  1.5  1 
         95-120  0.29  0.26  0.02  0.02  0.04  0.6  6 
59  Bakan      0-20  0.62 0.12 0.09  0.03  0.08  0.9  9 
      20-40  2.03 0.38 0.18  0.03  0.03  2.7  1 
         40-80  1.68  0.21  0.35  0.03  0.21  2.5  8 
 Table 4. Extractable nutrient levels in soils of Tram Kak district. 
Site  Cambodian Soil Group  Depth  Nitrogen  Bicarb   KCl S  DTPA   DTPA  DTPA  CaCl2 
 Group  Phase    NO3  NH4
+   Total  N  P    Cu  Zn  Mn  B 
         (cm)  (mg/kg)  (mg/kg)  (%)  (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
                 
1  Prateah  Lang  0-8  18.0 4.0  0.03 8  1.8  0.35 1.15 35.8 0.4 
    8-23  1.0 3.0 <0.02  4  1.4 0.28  0.39  22.0  0.3 
  
clayey 
subsoil  
23-82  <1  3.0  <0.02  5  1.0  0.38 0.17 12.3 0.3 
      82-110  <1  4.0  <0.02  3  1.6  0.43 0.22 11.0 0.3 
2  Prateah  Lang  0-10 11.0 4.0  <0.02  19  2.4  0.49 1.18 42.0 0.2 
    10-40  36.0 3.0  <0.02  7  4.2  0.59 1.05 8.34 0.3 
  
loamy 
subsoil  
40-70  3.0 3.0 <0.02  7  5.8 1.14  0.76  4.93  0.3 
      70-110  3.0 3.0 <0.02  8  3.2 0.86  0.44  4.41  0.3 
      110-120  2.0 3.0 <0.02  10  2.6 0.73  0.97  5.26  0.3 
4  Prateah  Lang  0-12 12.0 6.0  <0.02  14  3.3  0.51 0.42 27.9 0.2 
    12-30  8.0 4.0 <0.02  4  8.9 0.6 0.51  24.1  0.3 
  
loamy 
subsoil  
30-70  8.0 3.0 <0.02  4  3.0 0.5 0.12  7.49  0.2 
      70-110  2.0 2.0 <0.02  1  4.3 0.64  0.19  2.32  0.4 
60  Prateah  Lang  0-20  1.0 4.0 0.02  10  2.1 0.37  0.53  16.4  0.2 
   loamy   20-36  1.0 1.0 0.02  3  1.1 0.73  0.23  9.27  0.3 
      36-50  1.0 2.0 0.02  2  2.1 0.85  0.39  7.55  0.4 
      50-70  1.0 1.0 0.02  2  2.1 0.94  0.14  5.44  0.2 
         70-80+  1.0  1.0  0.01  2  1.4  1.29  0.1  3.63  0.3 
5  Prey Khmer     0-6  2.0  3.0  <0.02  16  <1  0.14  0.19  3.46  0.2 
      6-20 2.0  3.0  <0.02  26  <1  0.14 0.16 3.31 0.2 
      20-60  1.0 5.0 <0.02  3  2.5 0.11  0.15  1.47  0.4 
      60-85  7.0  3.0  <0.02  2  <1  0.29 0.18 5.29 0.3 
         85-100  <1  2.0  <0.02  3  <1  0.36  0.14  5.36  0.3 
6  Prey  Khmer  0-12 16.0 7.0  0.05 7  1.5  0.24 0.38 30.7 0.3 
  
fine 
sandy   12-60  <1 4.0 <0.02  4  <1 0.27  0.18  5.46  0.3       60-100  <1 3.0 <0.02  <1 <1 0.32  0.15  1.81  0.3 
         100-120  <1  5.0  <0.02  <1  <1  0.27  0.17  1.55  0.3 
52  Prey Khmer     0-45  1.0  2.0  0.02  2  1.1  0.12  0.16  25.1  0.2 
      45-95  1.0  1.0  0.01 2  1  0.18 0.12 11.6 0.2 
         95-120  1.0  1.0  0.01  1  1  0.16  0.04  3.53  0.2 
59  Bakan      0-20  1.0 4.0 0.02  4  3.7 0.32  0.14  9.63  0.2 
      20-40  1.0 1.0 0.02  2  4.5 0.43  0.15  13.5  0.2 
         40-80  1.0  1.0  0.01  <1  5.4  0.34  0.11  5.11  0.2 
 Table 5. Mineralogy of soil profiles in Tram Kak district from X-ray diffraction of powder preparations of horizon samples from each of four 
profiles. 
Site  Cambodian Soil Group  Depth  Smectite  Kaolinite  Quartz  Fe-oxide  Talc  Feldspar  Ilmenite 
   Soil Group  Phase  (cm)  (%) 
                    
1 Prateah  Lang  0-8  10  15  75         
   8-23 5  20  75         
  
clayey 
subsoil  
23-82 5  30  65         
     82-110  5  35  60         
4 Prateah  Lang  0-12  5  15  75  5       
   12-30  5  25  65  5       
  
loamy 
subsoil  
30-70 10  30  55  5       
     70-110  15  30  50  5       
5  Prey Khmer    0-6  traces  5  90  5  traces       
     6-20 5  5  80  5  5     
     20-60  5  15  70  5  5     
     60-85  10  20  55  5  10    
        85-100  15  20  55  5  5       
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Landscape of Tram Kak district, showing deep sandy Prey Khmer soils (TK3 in the foreground 
on gentle slopes and Tk2 [obscured by trees] on colluvial slopes of mountains) on the slopes east of 
Damrey Romeal Mountain (background).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Profile of Prey Khmer soil from site 5 showing the transition from medium sand to sandy clay 
texture at 60 cm depth. 